Radiation-Induced Megakaryoblastic Leukemia in a Dog
Of these, only one was leukemic, i.e., had circulating megakaryoblasts in addition to neoplastic infiltration of lymphohematopoietic tissues. Only myeloid, erythroid, and lymphocytic leukemias have been described in dogs following radiation exposure.". I '. l3 The presence of circulating abnormal cells of megakaryocytic lineage and abnormal megakaryocytopoiesis, however, have been described during the prodromal phase of radiation-induced myelogenous leukemia in dogs and commonly as a pre-leukemic disorder in I2 In this report we describe a case of megakaryoblastic leukemia that developed in a young dog which was exposed continuously to whole-body gamma irradiation.
A 1.5-year-old male beagle dog developed megakaryoblastic leukemia following continuous whole body 6OC0 gamma radiation at an exposure rate of 11 roentgens120 hourslday beginning at three days of age. The dog's total exposure was 4926 R. Pre-leukemic alterations of hematopoiesis included progressive non-responsive anemia, thrombocytopenia, and leukopenia. By 440 days of age, the red blood cell count had decreased to 3.1 x 10" cells/l, packed cell volume dropped to 19%, platelet count decreased to 2 x 109/1, and white blood cell count reached a nadir of 1.5 x 109/l. Additional specific pre-leukemic changes included the appearance of giant circulating platelets, erythrocyte anisocytosis and fragmentation, circulating large, bare, oval nuclei, and the appearance of one to three unclassified blast cells per 200 white blood cells. Following the initial depressions in platelet and white blood cell counts, these parameters progressively increased as the 1 3 percentage of circulating blast cells increased and the presence of leukemia became more obvious.
Wright's-Leishman-stained blood and bone marrow smears revealed a predominantly monomorphic population of cells of undetermined origin characterized as round cells 15 to 25 pm in diameter with centrally located nuclei and high nuclearcytoplasmic ratio (fig. 1 ). The nuclear chromatin was finely stippled and some cells had prominent nucleoli. The cytoplasm was moderate to deep blue and often contained distinct azurophilic granules. Many of these cells had several cytoplasmic projections along their cell surface. Similar projeca i Fig. 1 : Peripheral blood. Megakaryoblasts; two with cytoplasmic blebs. Wright's-Leishman. 2 ). Cytochemical staining revealed negative reactions for alkaline phosphatase, myeloperoxidase, chloroacetate esterase, and Sudan black B; however, positive staining for acetylcholinesterase and a-napthyl acetate esterase was observed. When circulating blast cells were placed in tissue culture without addition of exogenous megakaryocyte-colony stimulating factor, differentiation toward megakaryocytic lineage with platelet formation was observed ( fig. 3 ).9 A diagnosis of radiationinduced myeloproliferative disorder-acute megakaryoblastic leukemia (equivalent to M-7 of the French-American-British system of classification of acute myeloid leukemias) was made based on cytomorphologic (blast cells with cytoplasmic processes), cytochemical (cells with acetylcholinesterase activity), and tissue culture (differentiation toward megakaryocytic lineage) observations. By 660 days of age, the white blood cell count had increased to 93 X 10y/l with 95% blast cells and the platelet count peaked at 620 X 10y/l. The dog was maintained for 1 1 months by 14 whole, cross-matched, irradiated (2500 R) blood transfusions (beginning at 460 days of age) and antibiotics as necessary for anemia and infections, respectively.
Disseminated intravascular coagulopathy developed at 785 days of age, characterized by decreased platelet count (44 X 1Oy//1), elevated partial thromboplastin time ( 16.5 seconds), and elevated fibrin degradation products (> 10 < 40 pg/ml).
Blood chemistry evaluation revealed decreased serum albumin (2.1 g/dl), and elevated alkaline phosphatase (465 IU/l), lactate dehydrogenase (745 IU/l), serum glutamic pyruvate transaminase (600 IU/l), and serum glutamic oxaloacetic transaminase (3 18 IU/l), all of which were most likely sequela of massive hepatic infiltration with leukemic cells. Disseminated intravascular coagulopathy was unresponsive to heparin therapy and the dog was euthanized.
Splenomegaly (250 g), hepatomegaly (737 g) and diffuse lymphadenopathy were observed at necropsy. The liver had prominent yellow reticular lobulation, the spleen was reddened and granular on cross-section, and lymph nodes were pale. Tissues for histological examination were fixed in buffered formalin, embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE). Histologic sections of bone marrow revealed complete effacement of normal hematopoietic elements by megakaryoblasts and megakaryocytes ( fig. 4 ). Similar infiltrates were seen throughout liver sinusoids and diffusely throughout the red pulp of the spleen. All lymph nodes examined had similar massive infiltrates, as did sections of kidney. Numerous leukemic cells were seen throughout intraalveolar septa of the lung, diffusely throughout the choroid plexus of the brain, and in scattered foci in the adrenal cortex and intestinal mucosa.
The specific nature of leukemic blast cells as observed in this dog cannot always be determined by morphologic examination of routine blood and bone marrow smears alone. The presence of cytoplasmic projections and binucleate and tetranucleate cells were suggestive of cells of megakaryocytic lineage. Confirmative evidence was provided by the use of a spectrum of histochemical characteristics and the maturation of many of these cells to megakaryocytes when placed in tissue culture or observed histologically in necropsy specimens.
